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F^NTATIVE PRODUCTION OF VALUABLE COMPOUNDS 
0N INDUSTRIAL SCALE USINC CHEMI CALLY DEFINED MEDIA 

'l f ^C^j/' f^.H of f— ^nvpntion 

/ <-v, Q fipid of fermentation, 

i.e. the fermentative p r pharmaceutical proteins or 

primary or secondary/ metabolites, p* 
peptides, or industrial enzymes. 

Backgx°imd^-th^^ 

; ^ HirP H bv fermentative 

production in large, indus-a ^ ^ ^ ^ 

microorganism which orocuces a va i ua b " „ co 300 

gr own under - e »U^ co^-n- ^ eion the 

m >. in current industrial sea f ^ ented in a =0 mplex 

production organise typrca -y understood to be a 

Mentation medium. A complex ^^IZt** —a. such 

medium oo.pr.Sing a complex nitrogen ^ liq uor, yeast 

as soybean —1. cotton seed ^ ^ ^ uke . 

extract, casein hydrolysate , -lasses conscl tuent 

Advantages o£ complex meaia a e available a nc 

complex raw materials are not £or the 

i or- nearly complete nutrient 

(orrn a complet \ car bon and nrtrogen source as wei 

microorganism oonta.nxng ^ ^ blo ^ 

as vitamins ana minerals. Furt materials, like 

M ma cromolecules as presen t « li)ce , need to be 
proteins, ^ ^e Morgan!*™ prior to their 

-r t r n Ar:^ 
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+_ v_ ~ 1 0 . r ^i of these consumable 
anH mixin q problems and keeping the level o_ 

ana mixmy ^ nhr ^^nns furthermore , 

n .nlprnies below repressing concentraL.ons. . a. 
small molecu.es be P organxc acids also present in 

facilitating pH control. fermentation media 

Tn addition to tnese advantages, tuiuf 
Have several important disadvantages. Most importantly, complex 
^ er As have a chemically undefined composition and an 

raw ma.enals have seaaonai variation and different 

variable q uality a.o. due to -« 

geographical «^ • pfl «^, on fermentation parameters lixe 
h as an important iniluenc _ 

:i:::i:ii'arriu:™e . ^ v »--- » ^ 
h r; rtt^™.trTns::::;, 

rothtr ar^ctar of filamentous — , - disp - 

j fiir.ratUity when using complex raw mat — 
a decreased fj.lMraB-J.lty cort ain compounds which 

Complex raw materials may also » - ^ 

unintentionally accumulate in or "™ m examDles of 

product. Heavy metals, pesticides or »«»^' ex raw 

undesirable compounds which may »*J™J^ ^J n Qr may 
materials. Moreover, complex raw materials 

lead to the formation of toxins ^ ^ 

. unfavirre l"^".^- - — — 

" asce D irpi:: s the ^.wm- --™:e a ^r- 

th e use of complex media, these media still are p 

large scale industrial fermentation, ^"••J-^.,., 

» reasons why ""'"^^ZTZZ Usidered for use m 
chemically defined media, have not ^ 
industrial scale fermentation processes. On. o 
found in the advantages associated with t ^ 
rae dia. More importantly, the pr oduc .-Ids ^ 

« obtained using chemical y ef inedm on ^ ^ ^ 
typically were considered to be ma terials. In 

obtained using media containing complex 
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. ^u:,i strains which have been 
„ iHnn high-producing microbial scrams, 
addition, nign p nroceS ses in complex media may not 

developed for industrial processes - _ Qne 

rBtain thei- good performance m chemically aerin 
reason an unsatisfactory performance in a chemically defined 
reason to. curT - ent industrial strains have undergone 

, medium may oe that current without considering 

various rounds of mutagenesis and selection with 
th -i- performance on chemically defined media. 

Chemically defined media thus far have been applied for 
Chemica y in la boratory cultures m petri 

research purposes only, i.e. - tivelv smal i fermentative 

B such as p.nicillin (J .rvi. and o ns on. - ^ * 
| 30X0-30X7 (19^ -ne ^ ^ a , 3 03-309 (1945) ) , 
V,:. white et al.. «ch. Hlcro biol . 52, 

W clavulanic acid (Romero « al . . App- rQbiol . 143 , 

+ 892-897 (1986) and erythromycin (Bushell et a. . , 

* 475-480 (1997)). chemically 
Hntfpver ^pvestigations regarding the use 

However, -n y re search scales do not provide any 

O 30 defined media on such small researc ™ a .-dinq the 

K teaching to the person .Killed m .he ar 9 

. * w^pqp media m large ^ ( ~ cl -^ 

Q . P pUcaMU t y of Jh- m 1<jn ^^^^ cypically 

fermentations processes v i a ™-r 

having a volume scale of about 10 « , or -rg .. . ^ ^ 

To avoid the problems t induscria l 

_■ „ al urines for complex media m cm 
conventional recipes y chemically definea 

practice, it would be aesirable to apply 

"recipes for industrial scale f -mentat ions^ ^ 

Here , we describe the use of chemically ^ 
■ „ . scale fermentation processes, avowing 

30 industrial scale production of vaiuaoxe 

combination with a suitable strain J met abolites, 

j =,i/-h as primary or second i 

compounds, sucn - industrial enzymes, m 

oharmaceutical proteins or peptiaes, or 
an economically attractive yield. 
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g,,mmarv o f ^ invention 



The present invention discloses an industrial process for 
the production of a valuable compound, uprising the steps of 
Mentation of a microbial strain in a fermentation meaium 
^ch is a chemically defined medium essentially composed o. 
chemically defined constituents and recovery of the valuabie 
compound from the fermentation broth ^ 

The present invention .urther discios 
taring and/or improving a microbial strain producing a 
valuable comoound of interest which is, capable of being rermen- 
o, an industrial scale in a chemically defined meaium, 



tea 



01 s 

.4* 



comprising the steps of: mutaaenic 

• • a suitable parent strain to a mutagenic 

screening the resu-t _ defined medium and 

rheir growth performance on a chemically aeri 
their growL . .._,.._wt„ .nmnoimd of interest 



heir grower, ; ^ ^ valuable compound of interest, 

K their production level o. s-a imDrove d growth 

selecting mutants navmg a similar o 

ica ii v defined medium and/or an impr 
production level of said " valuable compound of uteres: 



* selecting ~ = ™ - and/or an improved 

performance on a chemicall/ ^ ^ as 

production level of said va. 
"compared to said parent strain 



25 



Det^leldescr ^^ r.he inve ntion 

j • v^c* i-h^ use of chemically 

The resent invention descrioes the use 

Tne . pre , . ,,,^-.1,1 SC ale fermentation 

of a suitable microbial strain, 

. a valuable compound. 

b ein g capable of invention, an industrial 

Throughout the «^;»° f ^ „ rial access ,s 
scale ^-ntatxon pro . ffl . volume sca le 
understood to encompass i --m pre £erab ly * 50 m', 

which is * 10 m\ preferably = 25 m , more p 
most preferably * 10° • 
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• ^ refined" is understood to be used for 

fermentation med ium which 1. essentially 

d8£lMd ;^^ 1 ^ co» SC ,-s . medium 

compose o, chemica y nicr£)gen source , 

" hiCh t^ir 1" raw materials having a 

. llv undetined comoosition. A fermentation medium which 
chemically unde-meo „^ allv defined constituents may 

is essentially composed of chemically de.i small 

father include a medium ^^^Z^. an amount as 
.mount of a complex nitrogen and/or =•-> ^ maintaln 

defined below, which typically is no £ormiEion of a 

growth of the microorganism and/or to gua.ante 

sufficient amount of biomass. chemically 
In c hat regard, complex »» """'^ £ inscance , EhM . 
undefined composition due to £e fact ^ ^ ^ whi=h 

ra w materials contain many different P ^ variable 

complex --;-^^ a jrriatio: and differences m 
composition due _ o «. _ ^ complex „„ macerlals 

lilCS ' n-ially small amount of a complex carbon and/or 

ta esse n ^ ally ^ nt in the chemically defined meaium 
, nitrogen source may be present 1 carry-over from the 

ac =ording to the invention, for instanc ^ ^ ^ 

inoculum for the main fermen ™ fer mentation on a 

fermentation is not necessarily obtained V £rom the 

chemically defined medium. Most often, car y 
,. inoculum will be detectable 

amount of a complex nitrogen source in 

medium for the main ferm „ carbon and/or 
It may be advantageous to a inoculum £o r 

nitrogen source in the fermen tation P™=«" £ormaCion 
,. the main fermentation, for « ^ 9 ^ q£ che 

n ^ to increase tne yj- 
of biomass , x . e ■ utate inte rnal P H control . For the 

microorganism, and/or to facilit.at 
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same re ason, it may ba advantageous to add an essentially small 
amount of a complex carbon and/or nitrogen source e.g yeast 
extract to the initial stage of the main fermentation 
I^UV to speed up biomass formation in the early stage o. 

£ ~n" n alT; C :m S a S ll amount of a complex carbon and/or 
An essentia y nresent in the chemically defined 

nitroaen source which may be present in 

nitrogen invention is defined to be an amount of 

.ediumaccordmgtothe n * q£ carfaon and/or 

at the most about 10, of .he define d 

™ (Kieldahl N) which is present m the cn-m_ca y 
nitrogen (Kieiaanx g tQtal 

nrpferably an amount of at the most 
° To £ carbol Jnd/or nitrogen, more preferably an amount of 
amount of carbon / t ^ ni „ ogen . 

invention. "chemically defined 

Th is to be understood that the term 

- • D . eS ent invention includes a medium 

-dium» as usea m the p-esent ^..^ before 

wnerein all necessary components a., odde & 
^v, = r-^r of the fermentation process, and rurun_ . 
o the start or <-n- -<= „„„ a n'-<s a-e added before 

«f i-h^ necessary comconents a_ = ^^-^ 
mediu m wherein part of the nec ^ ^ ^ ^ ^ 

starting and pare ^ = 

fermentation process. diSclos es that microbial 

The preset = ^"^scrial scale, the simple 

„ strains are able to co„^ ^ ^ ^ economi=a lly 

raw materials of chemical y sur prisingly found 

complex media. chemically defined media 

A further ^vantage o - * phage zo che llquid 

" ChaC d t^Tron dToxlde transfer from the lio^id phase to 
phase and the subscan tially as compared to using 

, 5 the gas phase is improved . . in che arc , dissolved 

Jis ». known to those skilled in tne o- , 
T^raTr dissolved carbon concentrations are two 
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important factors in scale up o£ a fermentation process, and can 
^ermine the economical feasible, of an industrial process^ 
The i^roved mass transfer obtained using chemically denned 
media "can be attributed to the absence in these medra of 
substantia! amounts of compounds whrch promote coalescence of 
gas bubbles, coalescence-promoting compounds tor instance can 
r found among certain hydrophobic and/or polymeric compounas 
pjent in complex raw materials. Coalescence of gass bubbXes 
Really results in a lower mass transfer coeffident van 
R fet and Tramper, in, Basic Bioreactor Design, PP 23.-213 

U991)) ' c a limiting factor in fermentation 

oxygen Hi!; MZnJ^ ot 

I^lnxsrr proved oxygen transfer capacity obtained 
IZ fermentation i, performed uaing a chemically derinea meaium 
accord^nu to the invention provides a much cheaper way o. 
: Ration of the productivity than ^ ™ ~ 

like power input, oxygen enrichment or th_ 

fermentor pressure. DroC esses, filamentous 

in industrial fermentation processes, 

• m . ^ike filamentous bacteria such as Actmomyce.es 
" c cmr-h as Penicillium or Aspergillus, 

or filamentous fungi such as Pen.c r _ ard 
rvoicary a^-e grown having a pellet morphology. In .ha. regard, 
typical^ a_e g fermentation media nave 

proteins ^ ^^'^ P^ets, which easily fall apart 
i-in^ t-pndency to produce ^lur^y ^- iCL ' 
r ".P.r..d mycelium with very long and 

rsn. of the high arowth rates which .ypica_i/ 
consequence o^ tne myx _ fi„ffv Deliet 

i = Thp^-°fore, a nutty ucx-^v. 

^v^-in^d usinq conrolex media. i ne - LUi -' 

oDtamea ut>j.iiy >- . . ul „ l, ; n-^-otih 

-i-u, m^v cause a undesirably hign d.oui 
morphology generally may caus ^ ^ favorabie 

viscos.cy. The use o, ^T ^Tnl by producing a more rigid 
influence on morphology, for instance oy . 

inriuenc ^ ,. , ar .-r- du-ing fermentation. In 

npllpt whic n does not easily rail ap^r. du-ing 

pell6C Whl ° . , H^r-ease of the viscosity of filamentous 

Ierne ^ f w- n<s fermentation broth is 

m^Aix qince a low viscosity of tne -ermeu. 
media. Since a i f ^ ma ^ or control of viscosity is of 

advantageous for product formation, contr 
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_ . -i ^.ip fermentation 
industrial scaie 



processes. chemically defined media 

Another advantage or th- us ^ 

strain-product combinations, esp Y ificantly im proved 

are fermented, downstream processing is sig 

by using chemically defined media. Qf 

A chemically defined medium to oe used - t P 
the invention typically should contain .he so cal- 
and th e S o-called catalytic events. ^ ^ ^ 

Structural elements a_e t - n , oxyge n, 

constituents of microbial macromolecules,. / sCructural 

carhon, nitrogen, jl rogen typ ,cally are 

elements hydrogen, oxygen, source . phosphorus and 

— rtrr.r™ - — - — 

thiosulphate ions . . ourc = which is used in Che 

The type o£ carbon ana nitrogen sourc.^ ^ ^ inventloI , 

chemica lly defined medium ^s '"^^ have esse ntially 

„ provided that the carbon and n-C 9 

a chemically defined character. frQm the grou p 

preferably, a carbon source " Eructose, 

— - ° £ C " b °^ ra s S t S ar S r an" '^yc-L vegetable 

sucroBe , -Itodextr.ns^ starch ^ ^ 

,. oils, h ^°f rb °"V acetate and higher aUcanoic acids. More 
organic acids such as aceta se , ected from the group 

preferably, a carbon source u . Mos t preferably, 

consisting of glucose, sucrose and soybean^ ^ eh . 

th e carbon source is gluco-. ^ ^ _ ^ glucose 

J0 term -glucose" include g rs in defin ed amounts, 

compositions containing 9 lucose ' ecced £rom the group 

A nicro gen source pr. , erably » ^ such as 

consisting of urea, »^"' ce and ammo nium nitrate , and 

ammonium sulphate, ammonium MQre pre£e rably, a 

=„r-h as qlutamate and lysine. f 

35 amino acids such g frQm the gr0 up consisting o. 

nitrogen source is se - ammon ium phosphate. Most: 

ammonia, ammonium sulpha.- and 
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• ^ Thp use of ammonia 
_ — » i t"pp is ammonia, ine u^e ^ 

preferably. th ; o ^ C ;;i; t a"dvan C a 9e that ammonia additionally 
as a nitrogen sourc nas ^ ^ ^ ^ aMM „ 

can function as a p.i ^ ^ a nicrogen 

sulp hate ^ r — X^nd/o^hosphorus recrement 

source, pare u: clj--^ 

of the microorganism may be met ^ elOTenC9 which are 

catalytic co£a ctors. These elements are 

constituents o£ enzymes or ma nganese, zinc, 

for instance magnesium, iron, copper, 

cobalt, molybdenum, selenium b ™ eleme nts, cations 

Next to these structural anc catalyt ^ 
such as potassium and socium ions s - P^^ pH and 

as a counter ion ana for -on-o 

osmolarity. included In a chemically 

Compounds which may optionally be^inc ^ ^ ^ 

defined medium are chela "" 9 ^.""and dipotassium phosphate, 
buffering agents su f Bu£ferin g agents preferably are 

calcium carbonate, and .h. ' J ' an external - pK 

added when dealing witn P r °f es may be dos ed prior 

control, in addition, an antiroammg agen 

co ' and/or during the fermentation proces^ ^ ^ 
Ha cromolecules and «*£ZJ° in ,hese media, 

comply media P^J^ .^^JL Really defined 
Due to the absence of thes - chemica lly defined tnan 

media, pH control is more shQW3 tnat a pH control 

in complex media. The ^"^y be do sed, depending on the 
wherein either an ™* £or a pro per pH profile in 

pH development in tn- process. 
. chemically defined inaustn.l sc " P unrelated organic 

Vitamins refer to a group oi structu metabollsm of 

compounds which are ^ to vary widely in their 

microorganisms. Microorganisms ar » ^ ft vicamin 

ability to synthesize the vitamins h y ^ nicroorgani .„ 

should be added to th< ; ^ ^mln . Typicaliy. comically 
not capable to synthesize sa ^ bacce ria or for certain 

defined fermentation media .or y nted „ iC h one or 

lower fungi, e.g. Mucorales, may 
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= h often have no vitamin 
mor e vitamin <s,. Higher fungi most often 

retirement. £rom the group o£ thiamin. 

Vitamins are se- ^ Qr nicotinamide, 

riboflavin, pyridoxal. n±C °^" ll % olic acid , biotin, lipoic 
pantothenic add, <=* inosi tol. choline and hemins . 

acid , ^-^^^s^, optionally, vitamins 
Structural and cata-yux - m ie for biomass 

ar e necessary for growth of the microorganism, i.e 

formation. n . c -ssary compounds, i.e. compounds 

xhe amount of - " ele ments and, optionally, 

comprising structu ral and cat* V ■ ^ „ m 

vitamins, to be added to the ^ be £orme(J in 

mainly depend on the -»~o ^ ^ ^ formed may vary 
the fermentation process. ^ g/i fermentatl0 n 

widely, typically from about 10 amounC of blomass 

broth . In g eneral, fermenta ions proou^ 

which is lower than abou. f each constituent of a 

ln addition, ^^T^. are essential and 
defined medium, as well as ^ ^ ^ type Qt 

which are non-essential, rmentatio n in a defined 

miC roorganism which is sud 3 « ^ fc tQ be - 

me dium, on the amount ^ ™^ defined media thereby 
formed . The use or c * e Qn of the concentration o, 

advantageously allows for a va . * ■ - ^ components, 

each medium component inaepenaently n ^ ^ 

in this way facilitating opt.m- 

composition. _ be necessa ry to supplement 

For product formation, it Y comp ounds and/or 

th e chemically defined medium wi.h aoa 

to incr ease the cc^^ r ^ ^ ^ which 

present in the ch^cal^- microorganis m. The function or 
is necessary for growt h or the the 
the said compounds may be that Y organism , or that 

«f a desired compound by tne 
production of a aesi des ired compound. 

they function as a P™"" 0 ' £ SUDplemenC ed and/or to be added 
Examples of compounds to be s^p ^..^ ^ 

in an increased amount to a chemica.ly 
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* ' . ^ for- the production of 0-lactam 

compounds, nitrogen con amino acxQS; 

ohenylacetic acid ro ■ penicillin V, adioic 

j f or the production or pei.x 
phenoxyacetic acid tor the p and adip yl--7-ACA, 

acid for the production of adipyl 

•j for the production or erytnromy 
propionic acid for tn~ P s according to tne 

4r,H,i«!t-rial fermentation proc-ss, 
in an industrial &dded fcQ _ ne 

,. hp total amount of ca-oou 
invention, the tou pxnressed as amount of carbon / iiuer 

9 c/i The to tal «u.c of -- r: -::;::rs 

defined medium may vary ™ ^ as " Kj eldahl nitrogen. 

1 to 25 9 N/1, wherein N is expr sourc e in a 

ratl ° r^^aTly ~ a,— for 

orientation .a vary c n ^ is _ 

an optimal rat« ^ be £ormed . 

elemental composition of tne p gro wth of a 

Additional compounds retire f= J- 

ml croorgamsm, lite ."^V as indicated in Table 

co be added using the concentrator.^ ra g add itional 

, j , . _ The concentration ranges 
1 as a guideline. The t classes of microorganisms , 

compounds may vary between ^ £t '^ 

i.e. between fungi, yeasts and & the range of 

Vitamin concentrations generally -a-1 

x ^ cnn fmvo- inositol) tug/ 1 • 
0.1 (biotin) to 500 (myo m corTO onents necessary =or 

Typically, the amount of medium ^ ^ 

amount of carbon source used. 
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ranaes of medium components, 

besides the ca mlcr0 organisms (g/D • 

various classes w 




bacteria 
(Actinomycetes) 



CaCl 2 .2aq 
FeS0 4 .7aq 3 
ZnS0 4 .7aq 3 
MnS0 4 .laq 3 
CuS0 4 .5aq 3 ' 4 
CoS0 4 .7aq 3 * 4 ^ 
Na.Mo0 4 . 2aq 4 
K3BO3 4 
KI" 



0.5-10 
0 . 01-0 . 1 

0.1-1.0 

0 . 0005-0 . 1 
0 . 0005-0 . 1 
<; 0 .005 
5 0.01 
<s 0.0005 
< 0 . 0005 



0 .5-2 

0.1-1 

0.1-0.5 
0 . 002-1 
0 .002-1 
0 . 001-0 .01 

s 0'. 01 
0 . 001-0 . 005 
0 .001-0 . 005 
< 0.002 



0.5-2 
0 . 05-0 . 5 
0.1-0.5 
0 . 002-0 . 1 
0 . 002-0 . 1 
0.001-0.01 

5 0.01 
0 . 001-0.005 
C . 001-0 . 005 
< 0 . 002 
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- The basal amount of £Htfses l« relatively small 

? C s a i e pha e t X e r m a y P also .Je do..* ™ ^ chlonde as a counter 

' SUlPha the Trace* eients/or viewers. di£ficult co define. 
^someVrace elements lo£J^£ ^jUir P»«n=. In 

^"c^P™f e n |: a ferrous sulphate, water. sm 11 
I^nts^f yeast extract e^ pocagsi -or.u. and/or 

^ _ arro r dma to the 
. , , fo . ment ation process acco.c,- . 

*" 1 a a 0,-elcally defined med.um can be performed as 
invention using a chemica y h _ ^ repeated fed . ba tcn or 

a batch, a repeated baton, a - 

a continuous ^"""^/^H^ components are added 
In a baton proce befo „ che star t of the 
directly, as a whoie, to 

fermentation process. ^ x harvest of the broth 

In a repeated batch process a t . medlun 

accompanied by a partia! ^^ n ""™ 

occurs, optionally repeated sever a ■ of che 

ln a £ed-batoh process, either none 
compounds comprising on. = or ^ mo r e ^ ^ ^ =£ 

catalytic elements is aaded to th rem aining part, 

the fermentation and either all o- 
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. , of the compounds composing one or more o£ the 
respectively, of the c P # ^ ^ during the 

structural and/or cataly ^ ^ are selected for 

:i::i:r::r b ^ - — (tom each ocher c ° the 

fermentation process. wherein the original 

specially in * '^^^"i-. » — » » <«* 

fermentation medium is diluted s „uctural elements, 

cf compounds comprising one or more of ^ 

- a m^v further comprise catalytic e.« 
the reed may furt ^ structU ral elements. 

ra edium components, ne * continuous fermentation 

in a repeated fed-natch o. dditiona i iy fed during 

access, the complete — medium is aad ti o^Y ^ ^ 

• „ ThP sta^t medium can &e - ^ 

fermentation. The " feed(s) . In a repeated red- 

separate from ^mentation broth comprising the 

batch process, part inter vals, whereas in a 

biomass is removea * c r 9 o£ part of eha fermentation 

continuous process, tn f ermencatl on process is thereby 

^^^^ ^ medium corresponding to the 

; m ount of withdrawn -rment^tion ™ _ & fed . batch or 

in a preferred emoodiment of the 
seated fed-batch process is applied, wner f esinentation 

th e nitrogen source ^~ , ne carbo n and nitrogen 

source are fed to the term ^ ohos phate are fee. In 

carbon and nitrogen source, - lucose and a 

, _ Dre f erred carbon source a 
that regard, a pre d/or ammonium salts. 

. nnrce is ammonia ana/oj- 
preferred nitrogen source _ ically enables the use 

Th e use of a fed-batch P«~» '£o^ nltrogen source 
of a consider^ ^higher ~ »^ fle ^ ly . the amount of 
than is used in a oaten . £e d-batch process can 

carbon and nitrogen source appli- • ^ amount 

be ac least about two times higher th . ^ ^ # 

ap piied in a batch process^ This^ ^ ^ 

considerably higher amount ot b.omass 

orocess . 
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- «f nresent invention concerns the 

A further aspect of the present 

„ ro „ ina of the fermentation broth. A.ter 
option of downstream processxng or cn- - 

X fermentation process i. ended. the valuable product 
optionally may be recovered fro* the fermentation brotn. using 
!t"dTrd t-.cL.logy developed for the valuable expound o. 
nearest The relevant downstream processxng technology to be 
ITZ '^lLy depends on the nature and cellular localization 
of e valuabJ compound. First of all, the biomass is separated 
or cue vo. . c^ntrxf uqacion or 

from the fermentation fluid using e.g. c-ntri g 
rrom , ^u^m -i q rocove^ed :rom the 

^o^s with the cerebral cells. Otherwise, 

Ten the valuable product is excreted fro. -the microoial cell, 
i- is r-covered from the fermentation fiuia. 

Me use of a chemically defined medium in the industrial 
. ■ a valuable compound of interest 

"T^llJr^-ge .n doltream processing, since the 
produces a large aa y _. an . ially lower than when complex 

proved" Tctno undesired byproducts are coisolated with the 
compound ^"^^ ^ t o£ ehs pre sent invention, a 
suitable strain for an industrial fermentation process using a 

chemically defined medium Mentation 
a suitable microbial strain .ui a 

ino a chemically defined medium may be any wild type 
process using a chemical y inter est, provided that 

„ „„ ri „ c ina a valuable compound of interest, y 
strain producing a ch per£or mance on a 

said wild type strain has a 9^ suitable microbial 

chemically defined medium. In * /^ ing , chemica ll y 

,. strain for an ^ ^ed aid/or improved 

de£l ned medium may be t.ain ^ ^ ^ 

by subjecting a pare DNA transformation, also 

mutagenic treatment or to ^ 

Wlth b the i r^ fhas a a 0 t d growth performance on a chemically 
,. microbial strain ^ has a 9 ^ h performance 

defined medium..!, wn ^ ther or P ^.^ ^ the 

of the parent strain on a chemicaiiy 
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a c t^ins should have an improved 

A microoial m£dium „ hen sai d strain has 

performance on a chemically de£i ned medium which 

a specific g - h rate (,) ~ • <* .^ly ^ ^ q , ^ 

is a ^ P« ^ • h perform ance of a microbial 

mo st preferably . , 0. . 9 ^ conveniently analy zed 

strain on a chemical!, def i ^ chemical i y defined medium 

by fermentation of saidst ^ ^ ^ and/or . 

on a relatively small scale, .g tQ include a 10 L 

a 10 L bench f ermentatxon_ I. is and oxygen 

b ench fermentation with P> of ^ grQWth 

concentration control, m tn_ 

performance. inven tion, microbial strains which 

In one embodiment or une • „n v defined medium 

are capable of hem, fermented - 1Y * - 

are chained and/or ^^ t ^"«. t ~n t ' using physical 
interest to a <= lass1 " 1 a sulCa ble chemical mutagen, 

m eans. such as UV irr, | - ^ ^^.^ or ethylmethane 
such as N-methyl-N nit- invention, microoial 

;j 3U »onate. In another ^^d m a chemically 

- strains which are capable o, be^ ^ sub] ecting a 

de£ med "-"Y^estCrecombinant™* technology, whereby 
» — ^"^^r^ transformed with a one or more functional 
the parent strain 

g enes of in «" St - nC inve ntion envisages two groups o£ 

in general, the present subject:e d to classical 

parent strains of mteres e niboditnenz or tne 

30 genesis and/or DNA "anstor^ation^ is selecte d from the 
invention, a parent stra- ° perforce on a 

group of strains which have 9 impr0 ved with 

chemically defined medium, ^ ^^colound of interest, in 
regard to their production level - ^ ^ 

35 another embodiment of the ^^' ^ whicn haV e a high 
is selected from the group of _ str * which have a 

n ~i of a compound or interest, ^ 
production level of a cony 
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—j rVipmically defined 

a r-h^micallv defined meaium. 
^T-r-^wi-h oerformance on a cnenucany 

9 Both processes, classical mutagenic as well 

as information process, .=. folio— by a screening 

f 1 resulting mutants or transformers for both their growth 

'foUnce o„ a chemically defined medium as well 
performance o ^ MuCanc scrains or 

prod uc"on level ° ^ a ^ ^ h per(ormance 

"ansformants . re s ^ ^ productlon 

on a chemically de i ' compared to Che parent 

level of a compound ol interest 

"""it should be noted that some microbial straps. in 
H = „ial straps which already have been subjected 
particular ^ Mnt: to improv e production 

co an extensive mutagenic chemically 
levels, may perform badly or may not Srow " ^ 
defined medium. Such a bad P*"«f « ^ C ^ ' m a 

mutagenized strain may be caused by cne £ » C ; ^^.^ for 
chemically defined medium never was «P£^ * iW . 
--" 0£ ^— causing an 

a q T e^rem e nt <un*nown auxotrophic mutation, . 

unxnown growth requ suica ble for industrial 

Tricar --^ *»- m — inciud : 

5 fermentation using Fo- instance, microbial 

Jilamentcus and non- filamentous strain^ Fo chemically 

„ n : hs h1^ for lermentauion x.i 
strains which are sui tab! .o Asp ergillus, 
defi ned medium include fungai strain- saccharorayc es. 
Penicillium or Mucorales, yeast strains^ sue 
Pichia, Phaffia or Kluyveromyces strains ^and ^bact 

ThP use or chemically u.cj. -i. 
such as Actinomycetes. Th e " ad vantageous for the 

^^m<-f to the invention is especidi-y 
according to c ^ £ila mentous microorganisms. 

Industrie! '«-»»^™ „ tha invent ion using a chemically 
T he process £erra entative production on 

„ defined medium valuable compound . of interest. 

an .^""^V secondary metabolites, Pharmaceutical 

including primary 
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• n fln7V mes Preferred valuable 
proteins or peptides, or industry e„ ^ anCibiotlcs or e . 

, q are secondary metabolites, sucn 
compounds are se lactam antibiotics, 

lactam compounds, espec.aliy p in clude A. niger, 

Examples of — -^^^r for amyloglucosidase, 
for instance A^ar . ^ fQr instance A . te rreus CBS 
A . oryzae for a-amylase, a arachidonic acid 

456 . 9 5, for lovastatin, ^^ ^Z^ei for protease, 
or lipi d containing — ^ g e_ CBS 455.95 or other 

suitable strains, for 0- lactam co p ^ cla vuligerus ATCC 

Streptaayces clavuligerus, for ^ 

2706 4, for clavulamc ac a, . for te traacetyl- 

P. ciferrii NRRL Y-10 i instance P. rhodozyma 

Dh^ffia rhodozyma, for msucu^. 
phytosphingosme, Pha-. Sacch aropolvspora erythraea for 

u CBS 6938, for -^^'^f "^p^es natalensis for 

k- l actis ror lactase , s<.j.<=^ 
erythromycin, K. ^ctis 

natamycin. envisages the use of microbial 

The present invention also en 9 functl onal genes 

of interest, resulting in a ^ duced by said strain, 

not naturally produced by « id q£ che , kill .d person. 

" - ^e^c « preformation, prodded that 
„ h ioh strain will be select performance on a 

said selected strain has a go ^ strain may be 

chemically defined medium. For in ■ subje cted to 

sel ected for transformation J^* t . 1MI:iv .i y . a non- 

one or more mutagenic treatme ' ^ zo analys is 

muC a 9 enized or wlldtype strain may be^ c „ ns£ormant s 
of the expression level o _ , el . c ted strain with one or 

obtamed ^ forest should be analyzed for their 

more functional genes o defined medium, 

growth performance on a ^ch^ly , product not 

Examples of recombinant strains P 
naturaUy produced by said strain are: 



20 



25 



30 



35 



PCT/EP98/01122 

WO 98/37179 

- 13 - 

,,. v ,. dans for instance S. lividans TK21, 
Strepto^yces e eMbling express ion o£ 

COn " in 9 oLZ' gene encoding glucose iso m erase 

alucose isomerase, cue y 

Lighting from e.g. Actinoplanes rnissourxensis, 
°" 3 instance P. chrysogenum CBS 

Penicillium chrysogenuai, for instance y 
455 95 . containing one or more expression cassettes 
enabling exoression of' an expandase, and optionally, a 
hydroxylase 'and/or an acetyltransf erase , the genes encoding 
^ dL hydroxylase and acetyl transferase originating 
Z7 g. ™niun, chrysogenu. or str OT ces 
alligerus, enabling production of cephalospor 

. aS 7 -ADCA. or 7-ACA, using adipic add (see 

compounds, such as 7 ^ 

EP 532341) or 3 - carboxymethyl thio-ptopionic acxd (se- 
W095/0^1^8) as a side chain precursor, 

W ° 95/ . ^ for instance Aspergillus niger CBS 

Aspergillus mger, ror .nsta cassette enabling 

mi 88 containing an expression cassette 

- i_ 3n lactofe-rin (see W093/22348) or bovine 
expression or human lactote.ri.. 

chym osm conCainin g an expression cassette 

^ rriireCe^o, bo.me ch^osm or phospholipase A 2 

" SUlin ^ I^^rXe^rXing an en^e already 
Examples of recombinant strains o . 

^T^iLrlor^crA. nigerCBS Si3.es, containing an 
' expression cassette enabling overex P ression of phytase (see 
^20358, or endoxylanase I <see EP «370S, . 

Th e present mention is ^"^^T^ 

production of glucose cbe mically defined media 



media . 
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^ rpcte d to chemically defined 
me dia which can be us ^ ^ ^ ^ a 

^ Zl sea e " order to identify microbial strains which 

on a small scdic, 
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ui -able for tentative production of a valuable compound 

S ho £1 _jies<^^^ 

Figure !. Outline of pWOx^I^ ^ 

Figure 2. Development of total g 
during fermentation. 

Fvample 1 
Xnd^st^al^roduct^^ 
usina_j5^^ 

- = =train producing glucose 
^■f a StreDtomyces strain p 
Construction of a &cr . 

isomerase Act inoDlanes missouriensis 

The glucose isomerase gene o. Act, ^ 
was originally cloned as a DNA fragment 

strain tQ the 5 . 0 ^ fragment was 

A 1.7 kd i- a y i ina sequence or A. 

cont t he complete coding se 4 
o found to represent the UDS r re am regulatory 

misS ouriensis glucose isomerase a - ^.^ 

region (see also Amore and Hollenberg (1989). 

17, 7515). exhibiting enhanced 

~~ glucose isomerase mutan, exn 
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fi glucose wieh±n the glucose 

th ™ Stjilllty t :;^ rl encoding ^ at position 253 
isomerase gene the tripi encoding arginme 

of the glucose isomerase protein into 

(Quax et al (1991). Bio/Technology 2 3B ^ ^ 

For cloning Ised as a vector. Th e 

(19 86). Mol. Gen. Genet. 2^, fragme nt encoding glucose 

173 7 basepair A . missouri t j|e large PstI DMA fragment of 

isomerase was combined with the g pWGx . GIT contained 

pIJ486 . The re,,^.^ p{a _ d pIJ101 , th e 
essentially the replication reg^ ^ ^ misS ouriensis DNA 
, thiostrepton resistance gene, an dWGx .GIT is given in 

^ ■ ptt A schematic map or pw^. 
fragment encoding GIT. 
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o producing strain was constructed by 
The glucose isomerase producing (Ho pwood et 

«f st-r-eatomvces lividans strain twi ^ P 
transformation of Streptomy : A Laboratory 

5 plasmid pWGx.GIT. 

A working cell banK or P oic king a thiostrepton- 

mentioned in -ample ^ ^^^le soytone Broth 

or stored as .roz-n concaining 16 

„ inoculum growth medium in . . _ 500 ^ ^ (Di£co 

; g/L Bactopeptone , (0, co ^ J ^ 2239) . !0 g/L 
; 0436/01), 20 g/L Casern hy * Reagent), 16.5 g/L 

= di potassiumphosphate.3aa (Merck, Anal . n . - The 

. ^ucose.lac, 0., g/L ao yb ean o ; l and S. and/or 
3„ P H of the medium is a=0USted < ^ and cnios trepton 

J sulphuric acid prior to s.e . ^^ion. Thio strepton is 

are added separately alter ^ filter 

dissolved in DMSO in a concentre of ^ ^ ^ 

sterilized over a 0.2 „m Nalgene ""'^ 230 

» in °c in a incubator shatter at 
for 24 hours at 30 C in transferred to 6 L of 

50 ml of the full grown culture ■ * comoos itlon 
t He second phase inoculum growth medium having 
similar to the previous -*^,^^«r. antifoam 
9 lucose concen tration 9 ; ^ =ompany) d 

(SAG5693, 0.6 g/L, = separately sterilized m 
without thiostrepton. Glucose J q£ che medium , 60 

50% solution and aaaed afte. st - in a 

minutes, 12! -C . The culture is grown f o ^ 
sterilized bubble column » lth ^ of 2 mm and the 

, a nozzle containing 4 holes with^a this phas e 

temperature is maintained a 500 ml medium in 2 

m ay"be carried out in shatteflastts (e.g. 
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* t ^ ~- -; nnrnl ation ratios and. 
L baffled Erlenmeyer flasks) witn similar moculatio 

v, xr^ at 280 rpm in an orbital shaker incubator, 
shaken at 280 rpm , ra „ s f or red aseptically to an 

The full-grown culture is trans.-rrea _ 

ac. o f inoculum medium 

■ „r„l„m f»rmentor containing 4.5 m or 

in oculum r acid . laq , 70.8 gr f erro-sulphate . 7aq, 

containing 16.3 kg cx t r, . laq , 32 .7 

10 9 gr - n ;;^ Pha d t e e - 6 7 ; q q ' 5 10 45 9 g . disodlum -molybdate.2aq, 5.45 
_ r r-nbalt-dichloride . 6aq, s-" y- ^ . 
gr coDaxu >ax d i - ammonium - 

> ar id 5 4 5 qr copper -sulphate. 5 aq, lu.y^g" 
gr boric acid, b.^g ^ 4g3 ar ca lcium- 

ir,h*t-e 10 9 kg magnesium- sulphate . 7aq, 9 
sulphate, iu.y y a monopotassium- 

•j« o^n 1090 qr soybean-oil, zx.o ^ 
chloride. 2aq, g k ast extract 

v, and 139 kq glucose, laq and 5.9 Kg ye*s» 

phosphate and 139 > 9 , nxtrQ g en on dry weight basis) . 

(brewers yeast witn " comp onents except glucose 

The ^--X^^ce m approximately 2,00 L 

:i;w:rnrris « at 4 , ^ ^« 

phLphoric acid and the medium i. seeri »^ « 1» C f ^ ^ 

• „. The ^-^--^rvesse:. ,fter cooling 
for 60 minutes a. -22 - - trans f erred aseptically 

do wn of both portion, * ^ both portlons the ■ pH is 

to t he inocuium-vesse , Af c r ^ ^ ^ 

set at 7.0 with ammonia and the ertne ntation is 

water to 4.5 m> . The temperature aerated at 0 5-1-0 wm 

v n^ri at 30 °C and the fermentor is aerated at . 
controlled at 30 c a , 0-1 with gaseous ammonia 

while the P H is maintained a. 7.0 / ^ ^ 

. and the overpressure ^ ^^^^ mixture of soybean oil 

30 r-S^m -n fermentation = all glucose is 

,4 in all previous growth phases) 

consumed (as m al broth volume . n . 

oxygen uptake rate exceeds a level o ^ 

The .ain mentation ^ 2inc -sul pl Le . vaq. 

acid.laq, 1062 gr £ erro-sulpna t e . 7 a^ ^^.^^ . saq , 
„ l63 4 gr manganese-suiphate.laq^ 9 g _ 
32 gr disodium-moXybdate^aq, 82 9* >»«<= 4 kg magnesiu m- 

sulphate. Saq, 163.4 kg di-arnnomum-sulpha.e. 
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sulphatase. 6.94 kg calcium-dichloride . 2aa. 16.3 Kg soybean 
"il 327 kg rao nopotassium-phosphate, S80 kg Brewers yeast 

Extract (10% Kj -N on dry wight basis, and =56 kg glucose. la q . 

extract v j , e . hpri for the inoculum 

The medium is prepares 

'elation (gXucose is sterilized separately, . For glucose a 
; E -9S sugar syrup may be used alternatively. The volume of the 
medium prior to inoculation is 65 m> after the pK is corrected 

t-r> 7 0 with ammonia. * 

1 glucose feed is prepared at 275 to 550 g glucose/, feed- 
solution, either as glucose. la q or as glucose equivalents from 

O-D^syrup. The pH is adjusted to , s 5 . 0 with a phosp or 
ac ,d solution. Sterilization is done either baton (122 C, .5 

mi nutes, or continuously via a heatshock of filter.. t. 

minuue&; ^ n H r 0 o C + /_ q.5 ana 

The main fermentation is controlled at 30 + / 
pH ,.. W- 0.1 (by means of a PH r trol nsing^am^an 
phosphoric acid,. The a.rflow s t at 0^ ^ ^ 

°' 7 Twi^oT tur-nes aJan intensity of 0 . 5 to 3 Kw/m- 
r^IrTer to oreCent the oxygen concentration to go below 0.2 
in oraer to p — irr<S v height. The glucose reed 

-i /T mpa sured at the bottom =arr — .l^xy 
1 r ; t irlo . sudden drop in oxygen uptake rate occur, and 
the dissolved oxygen concentration increases, « » 
which comes from 6 . 9 to 7 . 1 . The glucose concentration .n t. 
broth should be «0.2 g/ L at this point in time ^ 

Th e glucose feed rate is e q u v 1- to 9 ^ 

• -w-^nw inr-reasinq linearly to 186 Kg/n <=^ 

After::: l*^ k 9/ h tl » £ ee d » e . » 

ilfreased to 293 kg glucose/h until approximately 200 feeding 

Foaming is controlled by dosing sterile soybean-oil at 5.5 
Foaming is. every a hours auring 

kg/hr or alternatively m shots or 45 kg ^ er J r 

loU rs of the fermentation. If necessa.y 
done with a mixture o£ soybean oil and a silicon 
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the first 100 hours of the fermentation. !f necessary further 

■ }f o 1 is aunc — 

antifoam'like SAS47! (silicon antifoam from Basildon, m a ratio 



foam control is 



3 :1 



•~ mainfained between 750 and 
The ammonia concentration is maintained 

pvprv 12 hours and adding ster-i- 
1500 mg/L by measuring every 1; 
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-^r,« eauivalent to 500 mg ammonia/L, 
ammonium sulphate m portions equiva— 

dro p D ed below 1000 mg/L. 

The production o£ glucose ,so f ollow . d by 

protein harvested and purlfx-d ire the 

protein determination ^^^to-^e. - .roth 
entvmatic J 2 gr o£ br oth and addrn, s 

samples are stabilized a . . 19 a/L tris- 

, f s-abilizer solution containing 12 g/L 
ml of stabilize ^ CoCl 2 .6aq which is 

hydroxymethylaminomethane and .- a cooling down 

subsequently heated for 30 minutes at 73 C - 

n i of s -abil^zed sample is mixea with O.d m_ y 
0.42 ml of s.ab-1 Tris/H Cl buffer P H 8.2, glucose 

solution (confining 27^2 5 g/ 2 and 5 mg/L Triton 

57 . 56 g/L. M 9 C1 Saq^ 22. g/L , ^ by 

X-100) "and incubated at 60 ^ f . and 

measuring the conversion rates o g rea uired for 

^ ac rtl/a C GU is the amount o^ enz/me . 
expressed as GU/g(- f ructose/min . ) Using the specific 

b« the formation of 1 M^o-e ^ per 

I- activity of 12 Units per mg protein, 

3 kg broth can be determined. oro duced is 

5 in Figure 2 the total amount of enzym . 

indl Ts e is demonstrated in this example 850 Kg of the enzyme can 
" be manufactured in one fed batch production run. 
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Rvam ple 2 
Dr.Hnrr.ion - f r,onir.iliin_y 



nf a P chrysogenun, CBS 455.95 (or another 
Conidiospores of a P- cn y g ^cation and 

suitable strain derived from W " CM "" "^"J^ recipe as 
selection for higher ^er^ conl dia/ml in a 

-ted below) are inoculated a 0E5 ^ 

35 production medium — ; 9 N a 2 SO< , 2.9; 5.2; 

80; (NH 2 ) 2 CO, 4.5; (Nh 4 ) 2 S0 4 , _ ^ . 

-.u a «• trace elements solution ^c_. 

K 2 HP0 4 .3K 2 0,\ 4.8, trac- 



WO 98/37179 



PCT/EP98/01122 



Sis 

'^4 



- 24 - 

FeSO 7H 2 Q, 15; MgS0 4 .7H 2 0, 150; H 3 B0 3 , 0.0075; CuS0 4 .5H 2 0, 0.24; 
COS0 4 '-7H 2 0, 0.375; ZnS0 4 .7H 2 O, 1.5; MnS0 4 .H 2 0, 2.28; CaCl 2 .2H 2 0, 
0. 99 ), 10 (ml/1); 10% potassium phenoxyacetate solution, pH 7, 
75 (ml/1). (pH before sterilization 6.5). 

The culture is incubated at 25 °C in an orbital shaker at 
230 rcm for 144-163 hours. At the end of the fermentation, the 
myC el"ium is removed by cencrif ugation or filtration and the 
amount quantified, and the medium is assayed for penicxllxn 
formed by HPLC methods well known in the art. 

/ 

n. y Bxample 3 
Tnr n - o^Ia Peni c -ininm fermentation 
wirh comply and coine d media 

^^^r,,,m vtf-i qmnsin 5* . 1255 was ootimized for 
p^nicillium cnrvsogenum Wisconsin => 

growth'and penicillin production on a ch.mic.lly defined medium 
ly station and selection on defined media as descried i» 
Example 2. Fed batch fermentations were carrieo out on SO 
rf-scale with a complex medium as described by. Hersoach at al 
(Biotechnology of Industrial Antibiot.es PP 45-140. Marcel 
DeKker Inc. 1984, Table 4, Medium B, including the salts as 
mentioned under Medium A) containing 50 Corn Steep Solics^ 

Parallel to that, a f e Jmea ta^ S n_ M a^ a rried out a defined 
medium as given in -Sgli^ ■ where the dosages were do ub led 
because o£ the high cell density character of ^ese £ ed batch 
fermentations while lactose and ureum were omitte^Glucose was 
fed to the fermentor Keeping the glucose concentration below 2 
g/L to avoid glucose repression.tmonium, di-ammonium-sulphate 
Ld phenvl-acetic acid were fed to the fermentor in order to 
ontrol the PH and the concentrations of ammonium^ sulphate and 
phenylacetic acid in the desired ranges (Kersbach 1984). 

Since oxygen transfer is an important parameter cetermrning 
the economical feasibility of an industrial fermentation 
process, the performance of the above fermentation processes was 
"analyzed by determining the extent of oxygen transfer in each 
process . 
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A good measure £or the oxygen transfer obtained in a 
-^mentation process is the relative K.a value as determined 
w tnin one system. i. ^ined as the oxygen trans er 

coefficient and is calculated according to van t Rie- and 
TramPer (Basic Biorector Design, Marcel De.xer Inc. <!«!). PP • 

"'""hi oxygen transfer capacity calculated as the Rvalue was 
found to be between 10 and ,0% higher in the chem ica «y^£ 
m edium than in the complex medium, during the main par. or the 

fermentation. 

Production of 7-ADCA - 

T ne process as described in Example 2 is modified by using 
a B LyLgenum CBS 455. SS (or another suitable strain derived 
a ...cary 9 muca tion and selection lor higner 

£rom ™- j^^ n che recipe as stated ^ 

!I 0 ::a" f o^ed wTth an expandase expression cassette wherein the 

is transroiiuc promoter, as 

:: C u"on instep of phenoxyacetate and using a -dif ication of 

so-luc-uii potassium adip^.e 

::::::: =^1:^,; — - 
steri r:rs:i:;:g ir a:":v 1 ---'subse q uentiy * r 

Lina the en 3 ymatiC deacylation process substantially as 
described i'n Example 4 or 5 of WO95/04!48. 
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Sample 5 
Prnduct.inn of In vastatin 



conidiospores or Aspergillus terreus strain CBS «« .« (or 

LOIii * _ ■ 3n H election for higner 

strains derived thereof by muts as scaced 
^vofprab^ v in either of tne reti H c 
3S produc tl v lt y, ^ll e lfli 1QE5 „ 10E6 conidia/m l in a production 
bel ow) are moculateo a 10E5 ^ 
medium containing (g/D = dextrose, 40, CH 3 COONH 4 , 
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KH 2 P0 4 , 3.6; K 2 HP0 4 . 3H 2 0 , 35.1; -ace elements solution (vide 

supra, Ex. 2), 10 <ml/l)^ at 

The culture is incubated at 28 Lin* 
220 rp m for hours. At the end of the f ermentat ion^ the 

7m is removed by centrif ugation or filtratxon and the 
5 mycelium is removed uy , -caved for lovastatin 

amount quantified, and the medium is assayed 
formed by HPLC methods well known in the art. 

PmiJiiH i-T nf " 1 ""' 1s " ie acid 

10 

; ~" ATrr or a mutant. 

Strentomyces clavuligerus strain ATCC 2706. 

Streptomy precu iture medium consisting of 

, .hereof 1S xnoculated . P 0.5; CaCl 2 .2H 2 0, 

I (g/1): (NH 4 )2S0 4 , 2.75; <H 2 P0 4 , , 9 glycerol, 

l 5 0 01- 3-(N-morpholino), propanesulf omc acia , 9 

\ ::^o~^"o; o,, o.os. , .... 

(ml/D . _ _ nrhit . a1 shaker at 220 rpm 

Th e ^ i- — - ln an or . ^ ^ 

oc f r 48-72 hours ana used to 
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at 28 'C nor — asparagine 

pr oduction medium containing (g/1) ^ )2S °V 3 _ (N . morpholino , , 
KHPO 1 5; MgS0 4 .7H 2 0, 0-5; CaCl 2 .2H 2 0, 0.01, 

KH 2 P0 4 , y aiycerol, 19-9; sodium succinate, 5.5, 

propanesulfomcacid 21 glyc FeS 0 4 .7H 2 0, 
2S trace elements solution (vide supra) , 

•••• rv^'^r- - 

known in the art . 
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Pixxiuction^^ 

CBS 513.33 or a mutant thereof is 
Aspergillus mger strain CBS 513 natlon medium 

i , e(1 ' a t 10 3 - 10 s conidiospores/ml m a germi 

inoculated at 10 ^.3^0, 0.75; KH 2 P0 4 , 6 6; 

consisting of (g/ > ^ Q 45; glucose .H 2 0, 25; 

N a3citrate.3H 2 0, 5.3, cltrlC " . FeS 0 4 .7H 2 0, 0.1; 

ZnSG 4 .7H 2 0, 0-05; CaC_ 2 , 0 0 . l3 . TwesnBO, 

hours at 33-C »5 rpm and tnen use 1 to no cu . ^ 
of . production medium cc« l .t^ » £ ^ ^ ^ 

^.•>.o. o.s f --^ e so 3H -:; (NaC1 , ^.7^0, 

r 0 r ™tt;^: cu^^r 

EDTA , : same as germination »i» or eferably in a 

Th e .ncubation is »« J» — M the end 
500 ml Erlenmeyer fl..k containing. ^ m ugatlon 
of the fermentation, the myceliu -«= * fmrace ls 
or filtration and the amount ouanci-i-d, 
assayed for amylolytic activity. 

p r odjiCtion_of_asta i ^^ 

rw 6938 or a mutant thereof is 
Ph ama ^^^^/^^Xrrmedium containing , 9 /l> 
inoculated in 25 ml o£ a precul 

yeas t extract, 10, peptone , 20; gl u co ... ^ _ io<) ml 

The culture is incubated for 72 » ^ at „„. 

Erlenmeyer flask with oaffle. inoC ulate 100 ml of 

! ml of the preculture - "^ose . 30; NH.Cl , 4.83; 

a production medium containing ™ " 0 15 . crace elements 

M9S0..7H.O. 0.S3; ^ ° ^/ ^ e 2 . 6H,C . 

solution (citric acid. h,0. 50. . 
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« A *HO 2 5- MnSO,.4H 2 0, 2; H,BO, . 2; Na 2 Mo0 4 . 2H 2 0 , 2, KI , 
16 . 7; CuSo4.5H 2 0, 2 . 5 , Mn < s solutio n (myo- inositol , 

0 . 5f . .nO.4NH.SOj, 0.3 (ml/1), - B1( 2; 

40; nicotic ac ^ 2, ^ ^ q ^ biotin 0 .008; in 

p.aminobenzoic ac , Q04; 1; potassium 

0.07N H 2 S0 4 ) (nd . P sterilization 5.4) . 

hydrogen phthalate, ^P . hours pre ferably in a 

The incubation is continued fo the 

flac i, with -baffle. At tne 
500 ml Erlenmeyer flas* bi omass (amount 

— o„, the astaxanth i» - ^.^ion ana measuring 
ouantified) is deterged by solve 

optical density of Che extract at. 470 



Productic^_c^^ 



2S 



•~n of Mortierella alpina. strain 
«»—r fi :T:»- asept.cally and the 
ATCC 162 „ " ino - culace 500 ml o£ a production ™ediu m 

content is useu 

containing (g/1) = 3 0; ^0,7.2; MgSO.^O 

glucose, 70; yeast extract 0. , (cier<c acid.H s O 50; 
I. S! trace elects solut-n <««- ^ ^ ^ 

(NH,) s Fe (SO,) 2 . 6H 3 0 , 90; ZnSO 7h . • ^ ( ^ ^ , 

MnSO.,4^0. 2; H,BO„ 2; Ha, M oO, . 2H, 2 . 

0.3 <ml/D; (PH before sten iza-ron ^ ^ ^ ^ 

Th e culture is ', n \ J^.! shaxer at 250 

ba£t les, at ^ the amount o £ b^ass and 

rpm . At the end of the fermen - s determined, after 

ch e arachidon.c ^ extract., by CC 



cencrifugation, 
methods well known in the art. 
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i in 25 ml of a preculture 

recipe as stated below) is inoculated m 

medium containing (g/1)^ ^ ^ 15; ^ 10; 

Soluble starcn, 15; NaCI, , Y ^ q£ & 

Yeast -extract, 5, Cornsteep solias, 5 , Co 2 . 

1 g/ 1 solution. ake flask withou t 

m i_ „ n ,i m-rp ^s incuoated m a iuu 

The culture -s sha ker- incubator . 

baffles at 32-34 «C for 3 cays at 250 RPM i e 
0 4 ml of the culture is inoculated in 

P~*c t i^ 2; C aCl,2H 2 0, COBS.- 

Citric acid.H 2 C 2, (NhJ, n- (2 -hydroxyethyl) piperazine- 

KH 2 P0 4 , 0.25; H - Gluc ose, 1.5; Soluble starch, 

T ^p--^' - «° - 

20; Soy-oil, 0.4 , tr FeS 0 4 .7H 2 0, 0.8215; 

distilled water: C.tnc 0.0625 ; ZnS0 4 .7H 2 0, 

CuS0..5H,0. 0.0,25., CoCl, . HO . 0. ,7= . • 
! 25- MnS0,.H,0. 1.25; Na.MoO, . 2H,0 , 0 ' 0625 »' 

TO each flask, 0.25 ml ° £ ^ sha , e fl ask with 

Th e culture i. incubated in a - 00 „ at 300 

. i4 o-n during 5 days m a shaK-r j. 
baffles at ^2-34 - aur g . g centrlfuge d 

RPM . At the end or the term erythromycin content 

and the amount of ^ known in t*. art. 

of the supernatant is measured by 
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• n of Blateslea rrispora CBS 130.59 is used 

A spore ^2Z °.l t :** <V" 10 9/1 ' 

to inoculate 114 ml of pr cult ^ ^ ^ withouc 

peotone 20 g/1; glu<=° se 20 9/11 ' h on a rot ary shaker 

baffles. The preculture is mcu flltration , and 
ae 2S0 rpm at 26°C. The biomass ^ ^^J d uater to remov e 
washed 3 ti.es with "^^^ medtum . subseouently the 
the components of P un til only small fragments 

biomass i. hom °^ nl2 - a e 7. n „ ^ demin eralized water, 
remain, and resuspended in 40 ml port ions in 500 

The production medium is prepared in 100 P 

ml baffled shake flasks. The composition 
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medium is as follows (in g/1) . glu=o~. «; asparagine 

medium is addition a trace 

rr^^ addel^. 7 ^/!, with the ^ 

7r,qO 7H0' 16.7; CuS0 4 .5H 2 0, 2.5; MnS0 4 .4H 2 0, 2, H 3 B0 3 , 2. 

A ^'o 2- KI 0 5- in 0.4N H 2 S0 4 . Before sterilizat.cn the 
Na 2 Mo0 4 .2H 2 0, 2, KI , 0 5 sterilized for 20 

^^""r^ a 0 f tlr 2 st T e:il 1 zat 1 on 0.05 , oM 1 
irutlL t h la ml n hydrochloride in de^neral.zed water 

/«r virilized by filtration) is added. 

"he production cultures are inoculated with 0 . = to 10 ml 
of the suspension of fragmented mycelium prepared above. The 
, incubated for 139 h on a rotary sha.er «S0 rpm; 

Z c> The fungal biomass is harvested by filtration, washea 
: iC h demineralized water to remove medium components and 

""ihl'lount of ^-carotene produced i. determined by acetone 
extraction and measuring the extinction at ,50 nm of the acetone 

fraction in a spectrophotometer. 



